We analyze whether differences in kind and quality of egocentered network data are related to whether the data are collected online or offline. We report the results of two studies. In the first study respondents could choose between filling out egocentered data through a web questionnaire and being probed about their network in a personalized interview. The second study used a design in which respondents were allocated at random to either online or offline data collection. Our results show that the data quality suffers from the online data collection and the findings indicate that this is the consequence of the respondents answering "mechanically". We conclude that network researchers should avoid to simply copy traditional network items into a web questionnaire. More research is needed about how new design elements specific for web questionnaires can motivate respondents to fill out network questions properly.
Introduction
Traditionally, the measurement of ego centered social networks is done with the help of an interviewer who is available for assistance and who can motivate the respondent to continue with the answering procedure. The most often used method to collect ego centered network data was proposed by Burt (1984) . It has been used in some of the US General Social Surveys since 1984 (see e.g, McPershon, SmithLovin, & Brashears 2006) and proceeds in three steps.
In the first step the respondent (ego) is confronted with a name generator: a question in which the respondent is probed to list a limited number of individuals (alteri) with whom he is in a welldefined, usually close relationship. In the second step a number of questions (name interpreters) about the characteristics of the cited alteri and about the relationship of the respondent with the alteri are asked. In the third step, data about the relationships between the different alteri within ego's social network are collected, effectively filling out the interalter response matrix.
The outcomes of the measurements when carried out using a paperandpencilwith interviewer context are known to be sensitive to details of the measurement procedure. The measurements do not provide a perfect picture of the respondent's recent interaction (Brewer 2000; Bernard, Killworth, & Sailer 1982; Bell, BelliMcQueen, & Haider 2007 . Respondents are also not good in recalling specific interactions or interactions that took place within a specific time boundary. However, respondents are reasonably good at reporting their typical, stable social relations (Freeman, Romney, & Freeman 1987) . There is some bias and error in the respondents' recall of their relations, but we have some, although limited, information about the types of biases that emerge. For example, when confronted with a name generator, it is likely that a respondent mentions his or her frequent and close contacts, contacts that are more central in the network, and multiplex relationships rather than his or her infrequent, distant, less central or onedimensional instrumental contacts (Kogovsek and Ferligoj 2004; Brewer 2000; Marin 2004 . Also, there is a high testretest stability of the names reported in the name generators (Marsden 1990 ). The quality of the data obtained by the name interpreter, measured by the degree of overlap between the reports of ego and alter on alter's characteristics, tends to be high for sociodemographic characteristics of the alteri, but much lower for attitudes or opinions (Marsden 1990 ). The quality of the data on the characteristics of the relationships between ego and alter, measured by the degree of concordance in the reports of alter and ego, tends to be particularly high for close ties and general types of interaction. This is known for characteristics of the relationship such as the frequency of interaction, its duration, and its intensity (Marsden 1990 ). The quality of the data on characteristics of the relationships between the alteri as collected through the interalter response matrix tends to be somewhat lower. Adams and Moody (2007) , in a study of drug users, report that about 87% of interalter ties that were mentioned by ego were corroborated by the alteri.
Scientific findings and empirical experience show that the adequate measurement of the respondents' network characteristics is time consuming and demanding for the respondent.
Therefore, until recently, almost all network studies were conducted by means of a personal interview. The interviewer motivates the respondent to complete the survey, (s)he can explain the procedure in detail, and the respondent can ask questions. Obviously, the facetoface interaction has disadvantages as well. It is expensive and timeconsuming for the researcher, and may create interviewer effects that are hard to control for (Marsden 2003) . While a web based survey eliminates interviewer effects (Lozar Manfreda, Vehovar, and Hlebec 2004) and allows for cheaper and faster data collection, it is unclear which other, perhaps disadvantageous, effects this may have. The online measurement may lead to a lower data quality with respect to missing values and selectivity. Kogovsek et al. (2002) showed that the collection of ego centered network data is possible by means of a telephone interview. Kogovsek (2006) compared reliability and validity of egocentered network measures collected by means of a web survey with those collected by means of a telephone interview.
Reliability and validity indicators were only slightly lower in the web survey data. However, no information about drop outs or missing values was given and the study did not include the interalter response matrix. In fact the collection of ego centered network data by means of a web survey is already on its way (e.g., Marin 2004 ), but we have limited if any knowledge about how this affects the quality of the measured network data.
Lozar Manfreda, Vehovar, and Hlebec (2004) and Vehovar, Lozar Manfreda, Koren, and Hlebec (2008) , in experimental studies, show that the measured network size in a web survey depends on the details of the used name generator. The more placeholders are presented for the recall of relevant alteri, the more alteri are recalled (and consequently the larger the size of the network). The larger the network size, the higher the drop out rate in the later parts of the network data collection. Coromina and Coenders (2006) , in a comparison of different design elements of web questionnaires, conclude that ordering the name interpreters by question (instead of by alter), having items with labeled categories, and using graphical elements increase the reliability and validity of the network data. Coromina and Coenders (2006) as well as Kogovsek (2006) suggest that online collection of social network data could lead to a satisfactory reliability and validity. However, their studies do not take into account the crucial issue of missing values. Moreover, they do not assess to what extent their findings are affected by, or may even be the consequence of, undesirable answering tendencies that are specific for web questionnaires, such as a mechanically clicking until the end of the survey is reached. Survey methodologists argue that selfadministered surveys may affect the respondent's motivation to fill out questions, leading to a higher rate of missing data (Tourangeau, Rips, & Rasinski 2007) . This might be true especially for the timeconsuming and burdensome network measurements in web surveys (McCarty, Killworth, & Rendell, 2007 ). Respondent's burden, in turn, is known to influence the answering behavior in web surveys (Crawford, Couper, & Lamias 2001) . Before we take the quality of ego centered network data collection for granted, it is important to study in more detail whether this mode of data collection, when compared to a data collection by means of a face to face interview, does have any disadvantages. In this article we focus on data quality in the sense of the respondent's accuracy of selfreported information (Marsden 1990; Killworth & Bernard 1976 ). We concentrate on three specific indicators of accuracy, namely missing values in single network items, survey drop out during of the network questions, and answering bias.
The network data includes data obtained by the use of name generators, name interpreters, and the interalter response matrix. In the following sections we present the results of two studies that help to answer these questions. The first explorative study allowed the respondents to choose freely between the two modes of data collection. The second study uses random allocation of respondents. and two respondents didn't answer this item. The questionnaire included 36 questions about the involvement in and motivation for collaboration with companies, success of the last collaboration, and several other aspects related to dealing with business firms. At the end of the questionnaire eight network questions (4 name generators, 3 name interpreters, 1 inter alter response matrix) were asked. Students contacted the respondents by phone and asked them for a facetoface interview that would take about 30 minutes in order to complete. If the respondents indicated to have no time within the next 2 weeks then they were offered the opportunity to fill out the survey online. The 13 students were briefly trained for the interview and each was instructed to contact 13 respondents, randomly selected from a list of researchers at the faculties. Out of the resulting 169 respondents that were reached, 110 agreed to answer the questions, a 65% response rate. From these 110, 43 of the respondents were interviewed facetoface, 67 respondents decided to fill out the online questionnaire.
A nonrandom comparison of online and offline data collection
During the interview the respondent was handed the questionnaire and the student read the questions aloud and wrote down the answers. The online questionnaire was designed in such a way that it was identical to the offline version, with the exception of the online version using automatic skipping of questions whenever appropriate. Filling out a question was not mandatory for the respondent. In the network part, all respondents were asked to name personal contacts that could be of value when they wanted to get in contact with a commercial company to discuss potential cooperation. We used four name generators (see Appendix 1) to ask for the following types of contacts: a) contacts within their own faculty, b) contacts within the university, but outside their own faculty, c) contacts within companies, and d) private contacts. For every type of contact up to three pseudonyms could be mentioned. Furthermore, we prompted for up to three additional nonspecific relevant persons who the respondent considered important for getting a business cooperation going so that the total network could consist of up to 15 persons. Burt (1997) , in a study of managers, suggests that similar name generators of this type are usable for measuring the most valued advice contacts. In our study, the name generators were followed by three name interpreters: 1. Please indicate for every individual mentioned below how easy it is for you to exchange information with him or her.
2. Please indicate for every individual mentioned below how often did you contact him of her, either facetoface or via telephone, email etc.? 3. Please indicate for every individual mentioned below to what extent has he or she been helpful for you in the building up of a collaboration with a commercial company? Finally, the respondent was asked to assess the relationship strength (strong, weak, nonexistent, don't know) for every pair of alteri in the interalter response matrix (see Appendix 2).
The two groups of respondents (online versus face to face) do not differ significantly with regard to their selfassessed prominence, their number of research projects during the last two years, their function, their faculty, and how appealing cooperation with a company is to them (Fisher's exact values: 0.18, 0.85, 0.59, 0.23, 0.94) . They also do not differ significantly with respect to the number of missing values in any of the nonnetwork variables and no respondent dropped out before the network part of the questionnaire. Dropout rates in the network part were higher in the online data collection (18/67=0.27) than in the face to face interview (3/43=0.07, Fisher's exact value=0.02). In the online group the number of dropouts increased from 13 in the name generator part to 17 in the name interpreter part and 18 in the matrix. During the face to face interviews three respondents refused to answer the name generator questions. Among those respondents who filled out at least one alter pseudonym in the name generator questions there is no evidence for large differences in the size of the networks (see Table 1 ).
( Table 1 16/41 vs 3/36 (Fisher's exact value <0.01). In the interalter response matrix the proportions of respondents who have chosen "don't know" answers do not differ significantly. However, among the web respondents there is a higher likelihood of having at least one missing value: 7/44 vs. 0/39 (Fisher's exact value=0.01). Moreover, these respondents also have a higher number of missing values: X 1 =3.7, X 2 =0 (p=0.04). The network densities between both groups also differ both for binary ties (0.61 vs. 0.49, p=0.04) and for valued ties (1.1 vs. 0.78, p=0.01). This can be explained by the following. Among the web respondents (excluding missing values and don't know answers) there is a larger proportion of participants who have chosen the same answer category for all interalter ties: 9/43 vs. 0/38 (Fisher's exact value <0.01). All 9 web respondents who have chosen the same value, claim that all of their inter alter ties are 'very strong' which was the first answer category out of the four categories in the drop down menu.
We conducted several multiple logistic regression analyses on the likelihood of dropping out, the likelihood of having a missing value in any of the name interpreters, and on the likelihood of giving the same answer to the third name interpreter.
2 Apart from the modus of data collection, we use the following control variables that either represent demographic differences or are assumed to be correlated with an interest in participating in the survey:
gender, appeal of cooperation with commercial company, function, faculty, to what extent one's own research is known in companies, and whether the respondent has another job outside of the university. Table 2 presents the effect of the modus of data collection in the single variable model and in the model with all independent variables. The control variables showed no consistent pattern of significance across the three dependent variables.
( Table 2 here)
We see that in all three multivariate models the difference between the two groups of respondents remains significant. The effects of the contextual variables in our data do not explain the difference between the face to face group and the web survey group with respect to the probability to drop out, to have a missing value, or to give the same answers. We preliminarily conclude that there is cause for being concerned about the quality of ego centered network data that were collected by means of an online questionnaire. However, the design of our pilot study does not allow us to derive clear conclusions because it is impossible to tell whether our results are the result of a lack of social control during the online data collection or a consequence of the selfselection of respondents. For example, it cannot be ruled out that less motivated respondents who in general have a higher likelihood of dropping out are more likely to be found in the group of respondents who have chosen the web questionnaire.
An experimental comparison of online and offline data collection
Given the findings of the first study we decided to test 5 hypotheses about the effects of the mode of data collection in a study with a randomized design. The underlying idea of the hypotheses is the assumption that the selfadministration of a web survey, in combination with the time and effort needed for the network questions, make it tempting for the respondent to take shortcuts (Tourangeau, Rips, & Rasinski, 2007) . The hypotheses are formulated in such a way that their confirmation provides evidence for the idea that respondents in the web survey have a stronger tendency to save time by not filling out (some of the) questions or by filling them out mechanically.
H1: In the online group the drop out rate in the network part is higher than in the face to face group.
H2: In the online group there is a higher proportion of respondents with a network size of zero than in the face to face group.
H3: For those who did not skip the name generators, in the online group the network size is smaller than in the face to face group.
H4: In the online group there is a higher proportion of respondents with missing values in the interalter response matrix than in the face to face group.
H5A: In the online group there is a higher density of the ego centered network of respondents than in the face to face group.
H5B: In the online group there is a higher proportion of respondents with a network density of one than in the face to face group.
In the summer of 2005 we asked a number of randomly selected researchers of three faculties at the University of Twente (NL) to participate in a short survey concerning their collaboration with (commercial) companies -the same topic as we used in the first study. In students, 1.4% had another function, and 0.4% (which constitute one respondent) did not give information about his function. The questionnaire was an extended and improved version of the one we used in the pilot study, and adjusted to answer the research questions of interest about universitycompany collaborations. At the end of the questionnaire the same 4 name generators used in the previous study were presented. However, we now gave the opportunity to mention up to 4 alteri per generator. Additionally, for those researchers who had an ongoing collaborative project with a commercial company we first asked the respondent "Please mention the name of your main collaboration partner". After that we prompted for up to two additional relevant persons that would be crucial in getting a new business cooperation going. So the maximum number of alteri in this study is 1+4*4+2=19. We then presented one name interpreter ("For every individual mentioned below, what is the strength of your relation with that person. A strong relationship would include frequent contact and regular exchange of information." Answer options were "strong", "weak", "nonexistent", and "don't know".) and finally, the interalter response matrix. None of the questions were mandatory to answer.
We made use of a randomized design allocating respondents either to a web survey or to a trained student interviewer. A respondent in the online condition received an email invitation and two email reminders with a link to the web survey. A respondent in the offline condition was called via telephone (up to three times) and asked for a face to face interview. The overall response rate is 282/909=31.0%. The response rate in the online condition (37.8%, n 1 =188) was higher than in the offline condition (23.4% among those who could be contacted, n 2 =94).
Filling out the questionnaire took about 2030 minutes. In all likelihood, the lower response rate compared to our first study is caused by the fact that in the pilot study it was clear from the invitation that the research was being conducted by researchers from the respondent's own university. Moreover, respondents who refused to be interviewed facetoface, did not get the option to answer online (and vice versa). We then conducted a number of multiple linear and logistic regression analyses to find out whether any of the found differences in the network data between the two groups of respondents could be explained by other differences in the two samples. We included the following control variables: being a Ph.D. student, being a full professor, being male, faculty (two dummy variables), appeal of collaboration with commercial companies (5 point Likert scale), and experience with universitycompany collaboration (1=yes). In addition, for the multivariate tests of hypotheses 5A and 5B we control for the size of the network. Table 4 shows the results of the multiple linear and logistic regression analyses.
( Table 4 about There is a significant interaction effect between being in the group of web respondents and having collaborated with a commercial company before. Within the group of web respondents there is a significantly larger proportion of respondents with a network density of one. This difference, however, disappears within the subgroup of respondents who have had at least one collaboration with a commercial company. We regard the latter group as being more motivated to fill out the survey about commercial collaboration and consider this finding as partial support for hypothesis 5A and B. Among the group of respondents who never had a commercial collaboration, being in the group of web survey respondents leads to a higher likelihood of choosing the same answer category for all questions on the alteri relationships. 4 We find strong support for three out of the five tested hypotheses and partial support for one of the remaining two (hypothesis 5). Among the group of web respondents we find a higher drop out rate during the network part of the survey. Among those respondents who did not skip the name generator questions we find that the web respondents tend to fill out fewer names, and they tend to have somewhat more missing values in the interalter matrix. In addition, for those respondents who never had a collaborative project with a commercial company and who are likely to be less motivated to fill out the questions we find that among the web respondents there is a larger proportion who always selects the first answer category in the drop down menu of the items in the interalter response matrix. We regard these findings as supportive for the argument that respondents in a web survey have a stronger tendency to answer in a timesaving manner, which is likely to affect the quality of the network data. Alternative explanations, such as lack of familiarity with the use of dropdown menus, are unlikely given the technical sophistication of the respondents.
Conclusion and discussion
We tested the assumption that the collection of egocentered network data with the help of web surveys leads to a reduction in the quality of the network data when compared to the traditionally used data collection by means of a face to face interview. Although researchers have started to use web surveys for the collection of egocentered network data, there is a lack of empirical evidence clarifying to what extent, if at all, the quality of the data is affected by the change in the mode of data collection. The findings of a pilot study led us to believe that these tendencies might play a role and we subsequently tested five hypotheses about the impact of a lack of social control during web surveys in a randomized field study among university researchers. Our results support the notion that among the group of web respondents there is a larger tendency to answer the egonetwork questions in a timesaving manner that will reduce the quality of the collected data.
Our analyses have some limitations. Since we conducted field studies, the two groups of respondents were not completely homogenous despite their random allocation to the modus of data collection. However, there is no indication that the differences affect the results and conclusions. Another limitation concerns the studied population, university researchers, which may be different from other target populations. We suspect that the chosen population of university researchers tends to be more motivated to fill out a lengthy and timeconsuming questionnaire than many other respondents. We therefore suspect that the lack of social control during web surveys in other populations might affect the quality of the social network data even more. In addition, we tried only one specific kind of implementation of the ego network questions. It might be that different ways to ask the egonetwork questions (for instance using radio buttons instead of dropdowns in the interalter response matrix, or more visually appealing ways of posing the questions) will alleviate the problem to some extent. In addition, in both studies we placed the network questions at the end of the questionnaire.
Nevertheless we assume that this placement did not decrease the respondent's motivation because it is known that most drop out in web surveys takes place in earlier phases of the filling in procedure (Conrad et al. 2005; Matzat, Snijders, & van der Horst 2009 ). However, in shorter surveys the differences between web survey data and data collected facetoface may be smaller. Generalization of our findings to the online measurement of other types of social networks is debatable. It is an open question for further research whether answering questions about for instance more emotionally involving relationships leads to more accurate self reported information. Finally, we cannot compare the networks we measured with the "real" network for lack of a clearcut outside validity criterion. However, we do feel that our results suggest that the validity of the offline results is better, especially given the number of respondents simply selecting the first answer from the dropdown list in the interalter response matrix.
The results of the study have some important implications. Most of all, they are a warning for researchers who consider collecting egocentered network data by means of a web survey.
Simply copying the standard design of the questions that is being used in face to face interviews can have a negative impact on the quality of the results. Rather, researchers should put additional efforts in motivating the respondents to spend time on filling out the network questions properly. Unfortunately, at the moment there is only very limited knowledge available clarifying which elements of a web survey could increase the respondent's motivation to fill out the time consuming network questions carefully. Second, our findings underline the importance of research that analyzes effects of variations in the design of web surveys. The existing studies, e.g., Lozar Manfreda, Vehovar, and Hlebec (2004) and Coromina and Coenders (2006) We would like to know how strong the relations are between all the persons you mentioned. The easiest way to answer the question is to start with the left column. For every pair of individuals, please indicate how strong their relation is. You can choose between "S" (strong relation), "Z" (weak relation), "G" (no relation), and "X" (don't know)." 
